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CHAPTER I
Associative Symmetry: Fact or Fiction
The history of the bidirectional learntng problem has been both prolific
and controversial.
has

In contemporary verbal learning, associative symmetry

remained an unsolved problem despite volumes of publications dealing both

with the variables and dynamics of the problem.

(1966), it is

known

As stated by Ekstrand

that as a §.forms a forward association (A-B) between

two verbal

~~laments,

stimu1:u.~.

However, a question arises as to the formation of the so-called

backward association.

he learns to anticipate the B unit given A as the

toes the §.learn a corresponding backward association

(B-A) coincidentally With the forward association?

Research seems to in-

dicate that the §. has learned two associations,, but controversy arises over

the symmetry of this association and the point at which the backward
a.~soci~tioi1B

are .forii18d.

The principle of associative symmetry, as defined by Asch and Ebenholtz

(1962), states that as a §_learns a particular forward association (S-R),
he learns a corresponding backward association (R-S).

This backward associa-

tion was proposed to be coincident with and equal in strength to the learned
forward association.

Thus, they hypothesized that the associative stages

of both for.r1rd and backward

leo.rni~'1g

were functionally identical; however,

unoqui vocal support for their hypot:1csis was not presented.

Of the seven

experir..3nte reported by Asch and Eoonholtz, six experiments demonstra.ted

superior A-B performance over the corresponding backward (B-A) perfonn.ance.
Although the experimonts explair..0d this failu....-e to eonfinn the symmetrical

learning in terms of stimulus-response availability,, the principle ot
1

f
2
associati~e symr~et:ry

remained questionable.

Earlier researchers demonstrated that a degree of A-B/B-A learning did
occur, but not or the magnitude suggested by the principle or complete
associative symmetry.

Jantz and Underwood (1958) gave §.s a paired-associative

(PA) list consisting ot nonsense-syllable and adjective pairs.

learning was stopped at

4, 8,

Initial

12, or 24 A-B trials at which time the Ss were

given 10 trials or B-A learning using stan::iard paired-associate procedures.
The results showed B-A learning performance to be a function ot the number
of A-B learning trials but that asymptotic behavior tor the B-A learning
was much lower than that for A-B learning.

Although B-A learning increased

as first list learning increased, B-A transfer learning never reached the
level of A-B learning.

Similarly, Feldman and Underwood

(1957) and 1-brikawa

(1959) round that B-A performance was related to the degree of A-B learning
but that the forward and backward associations were tar from equal or
identical.

I3ecause of the observed relationship between A-B/B-A learning,

it was, in fact, suggested that B-A performance might be a torm or incidental learning.

The lines on either side of the bidirectional learning issue, then,
have been clearly formed.
conc~pt

ismJ.;~s

The first part of' the present paper examines the

of bidirectional learning and related research.

The methodological

involved in the controversy are: meaningfulness (M), stimulus

availability, A-B association equivalence, and stinrulus-response equivalence.
Bid.i.rection-il. learning will also be discussed in relation to paired-associate
transfer tasks and the further implications between transfer paradigms and
bidircctionn.lity.

Finally, data will be presented in which forward and

backward a.m:;ocinti.ons are equal in strene;th and !unction.ally identical.

[,1

3
_&r).y Studies iJ! Bidirectional

J~earning

Research dealing with the issue or forward and backward associations

can be traced at least as tar back as 1913 when Wohlgemuth presented data
on rr.ernory and the directions or associations.

Wohlge.-nuth noted that although

retrieval or lcarnsd D'Aterials was usually in a forward direction, there was,
to sor.ie extent, a degree or association

to items learned earlier in a
For example, if' an in-

5 eqU3nca in relation to the item being recalled.

dividual learned the sequence A-B-C, given B as a stimulus C would usually
be recalled.

However, soma association, it was

between B and A.

~thesized

was present

Citing earlier evidence from both physiological and

learning theory, Wohlgemuth took issue with the generally accepted notion
or greater strength in the :f'orward association.

Using both diagrams and

ri0nsense syllables, Ss were given a successive and continuous series of'
items to learn.

Following initial learning the 2_ was givan the task or

responding to the stimulus term with a related tem (defined as an item
in:mediately preceding or following the stimulus term in the sequence).

The

.§. was told to respond as soon as the item (diagram or nonsense syllable)

came to mind.

The results showed that there was a greater tendency for

forward recall with syllables than with diagrams.

It was further noted

that backward direction recall was strol16er with three or seven §.s tested.
It was concluded that an uncor.r;cious bias to react in a certain direction
exists in individuals with the forward direction bias being the strongest
tendency.

Ibwever, evidence for backward direction lea.ming was found

especi:illy

wh~n dingr~ns

were used as the to-be-learned material.

In a

sub:::;cqu::rnt experiment wohlgo:nuth (1913) used diagram and color pairs as the
to-be-learned material.

Data from the expcrin1.9nt indicated that

4
"associations forned ootween colors and diagrams were equally strong in the
two directions• "
Stoddard (1929) used the learning or French and English word equiTal.ents
as a i-:-;3asure of learned association streneth.

Alt.'1ough measuring the

relative strength or .fonrard and backward associations was only a part o.f
the c1,:petir.:smtal procedure, his data is most applicable to the experiment
presented in the present papor.

Two groups were given

50

word pairs to

learn with direction of learning being reversed for the two groups: French
to Er°'-3lish or English

the §_s uere givan a

to French. Following a learning period of 20 minutes,

5o i te:m

test consisting

or 25

French words and

25

English words and asked to supply the corresponding English or French
equivalent.
direction.

For one half' of the ite:ns, then, recall was in a backward

The data showed that for both groups forward recall was

significantly better than backward recall., although a certain amount of
ba.ck'.iard recal.l was noted.

Hom.ans (1936) using nonsense syllable pairs as terms in a sequence
task found

rr~srginal

evidence for bidirectional learning altho'llgh forward

associntions were recalled IOC>re frequently than backward associations.
Gutherie (1933) presented four g.roups of 12 §.s each with the tank of
lc::.rr;:t.r:~

10 pairs of non:;i';n::;e

sylli:~b1ea

and non.sense figures.

The pairs

wore pboto;::r;- );::;d on strmdard motion picture film and projected on a screen
by a projector operntad by a synchronolw

r~otor.

Ex:posura time and the

interval bet-;;een pair exposures was independently' u,,;inipulated for three
sepnrute tir:g intcn~.ls: 4.93, 3.33, and

2.55

seconds.

F.ach group of Ss

was givon two lists to le:u-n, one with a word-figure pairing and one wit.'1
a fir,ure-vord po.iring.

Following seTan trials of' list learning, the Ss

were given the task of writing the names of the figures that were slowly
being projected on a. screen.

Thus, each group ot

~

was given one series

tor forward associations and one series for backward associations during
initial pair learning.

For the

4.93, 3.33, and 2.55 exposure intervals,

the mean number nonsense syllables recalled for .f'orward and backward

associations were respectively
3.38.

5.40

and

5.48, 4.92

and

4.90,

and

3.35

and

The data indicated that association strength was a function of

interval time, but that forward and backward associations were functionally
equivalent across interval times.

Bi.directionality as Incidental Learni!lfi
Following the controversy between early researchers in the area of

bidirectional learniri_g, experimenters directed their attention to the
nature of the ''back-wardi: association.

Hermans (1936) had selectively

eliminated those §.s who reported intentional learning in both the forward
and reverse direction.

It was suggested that somehow the f'ormation ot

backward associative bonds should be incidental to the intentional task
given to the §.•

Controversy concerning the existence of bidirectional associates
continued for several years with equivocal evidence being presented for
both sid~s of the bidirt.~ctionaJ. issue (Harcum, 1953; Morikawa, 1955;

Pr!;:off, 19.38).

Howeve:r, for the purposes of the present analysis it was

not until the late 19.SOs that methodological sophistication allowed tor
a proper testing of 'tidirectional learning.

At this time data unequivocally

supported the hypothesis that §_s do learn two distinct associations
(forward and backward) in a paired-associa.te learning task.

However, the

quoct:i.on rem:iined ummswered as to the relative strength and onset

or

these

6
associations.

Further, it was unclear whether or not the two directions of

associations were formed by two separate learning processes or i f the
associations were functionally identical.
tater researchers followed the tradition of the abo'fe mentioned
experii~enters

and suggested that bidirectional learning was indeed a form

or incidental learning.
8

It was suggested that giTen the task or learning

set of A-B associations a §. would incidentally learn the B-A association.

Hott"evar, the strength of the B-A associative bond would not match that of
the intentionally learned A-B association.

It was further suggested that

B-A learning would &S1J!'.Ptote at a leTel significantly lower than that or
A-B learning (Jantz & Underwood, 1958).
Following the incidental learning argument, Feldman and Underwood
(1957) studied the pheool!'.sron of R-S learning.

Incidental lea.rniT'.g was

defined as the learning of material. by' a §. when he was oot specifically
instructed to do so.

It was, however, suggested by the authors that high

recall or R-S associations might suggest that S-R and R-S associations
mght be integra.l.ly connected and that the formation of backward associations
was

so::~3thing

nore than an incidental learning phenomenon.

The

authors

reported th.at Th:>rnton in a.."l unpublished study from the Northwestern
U1ti.vor::iity

lal.x)ratorios hnd fou.-id an 83% recall of stinulU3 ite:rna following

a st.'.lr::L'lrd pairod-as:;;ociate learning task.

In the Feldman and Underwood

e:xperim::mt the stir:uli were nonsense syllables with an aTerage association
value

of 11.L.% (Glc,ze), and the respor.ses were adjectiTes.

Thirty §_s

were assigned to each of four con±i.tions nrying on a di.monsion or high or
low stL"1ulUB and response similarity.

The four groups were HS-HR, HS-LR,

LS-HR, and LS-LS where H referred to high similarity, L referred to low

L

r
7

similarity, S to stimulus, and R to response.

After learning the original

list to a criterion ot two successive perfect trials, §.was given the
adjective responses at a 4-second rate and asked to give its associated
nonsense syllable stimuli.

Following this type or recall, the

given an unlimited time tor a mditied tree recall.

~

were

The results showed

that high stimulus similarity had a small but consistent effect of reducing
stimulus recall.
learned.

The overall recall of stimulus terms was

50% ot the items

Partial recall or the stimuli, defined as the recall of one or

two of the stimulus letters in the correct position, yielded a recall value

ot 61%.

Evidence was presented, then, suggesting that backward recall was

somehow related to forward recall, but not as an integral part of the
intentional learning task.
Jantz and Underwood (1958) found that B-A performance increased with
the degree of forward learning but that the R-S recall was considerably
lower than S-R recall.

Leicht and Kausler (1965) gave Ss 6, 12, 18, or 30

trials (or up to one perfect trial, whichever came first) on an A-B learning
tc.sk.

FolloWing original list learning, the §_s were given a recognition

task in which each response was presented along with three alternative
stimuli.

The §. was to choose the stimulus which was originally paired

with the given ref:lpon.sa.
perfon·~"lnce

As with incidental learning tasks, the B-A

was found to be a direct function of the number of A-B trials.

However, the above experu1ent yielded equivocal results in that the §.s
could have been subtly testing the forward associations while perfonning
on the recognition task.
per!on:~nce

Morikawa (1959) also reported increased B-A

as A-B learning increased but again B-A perfonnance was IX>t

equal to that of A-B learning.

subsequent studies also tailed to yield

p
8
complete stir.mlus recall in a standard A-B, B-A test ot associative symmetry
(Houston, 1964; Murdock, 1964).
Schild and Battig (1966) presented two experiments in which §_s were
required to learn unidirectionally (U) in a paired-associate task or
bidirectionally (B) where each pair was presented in both directions (A-B
and B-A) during the learning trials.

Unidirectional performance was

significantly better than B performance particularly in errors on trials
after the first correct response to each pair when directional.ity was
reversed.

The results were interpreted to mean that §_s in the B condition

were forced to learn two separate associations and thus the A-B, B-A
associations were not functionally equivalent.
In a similar experiment, Voss (1965) attempted to eliminate differential
A-tenn learni.ri.g by :requiring both groups (U and B) to learn in the

direction.

sar.~

Bidirectional learning was introduced by the way the pairs

were presented (A-B or B-A) following each anticipation.

The results

showed poorer correct response and error performance with bidirectional
pa~ring

suggesting that bidirectional. and unidirectional pairings were not

equivalent and, therefore, associations were not learned bidirectionally.
Other experiments have also reported data supporting the notion that forward

'[,
II
I

and h.s.ckward a~cociations were functionally different (Goulet & Behar, 1966;

Leuba, 1966; Sepal & ¥.andler, 1967; Underwood & Keppel, 1963).

Despite the large nmnber of studies suggesting that the fonnation of
forward and backward associations were two distinct processes, several
studies have concluded that §.s do indeed learn symretrically.

As defined

by Asch and Ebenholtz (1962), the principle of associative symmetry states

9

that: ''When an association is fonned between two distinct terms, a and b,

it is established simultaneously and with equa.l strength between b and a
(p. 136)." As defined, the principle states that the learned association
betwzen A-B and B-A are functionally equivalent.
be

If this principle is to

proven then the data from experiments rriust show that A-B and B-A

pcrfoIT:ance is equal or that the R-s/s-R recall ratio is 100%.
The negative findir.gs of earlier experiments have been criticized

on the basis of the availability of the stimulus terms.

As noted by

Underwood (1963) §.s frequently choose a functional stimulus different from
the nominal stimulus presented by the E.

The nominal stimulus, then, might

not be available to the 2_ during the backward recall of the stimulus term.
Thus, Asch and Ebenholtz felt that any differences between A-B and B-A
perfonr.ance was due to di!'ferences in stir.rulus or response learr..ing but
not in the learning
Asch and

or

the associative bond.

(1962) found that through a prefamiliarization

Ebe~.l'.oltz

techr.d.que whereby 2_s learr.ed the stimulus and response tem.s prior to

association learning, the difference between A-B and B-A performance
could be reduced.

Leicht and Kauslor (1965) .found that by reducing the

dispn.rity between the no:r.tl.nal and functional stimuli the difference
bctl.::>:;n A-B

a:1d

B-A porforP=ince could be substantially reduced.

ditpD:d ty wc,s reduced

l~

This

gi\"ing .§.. a recogr.i ti on transfer task; however,

caution must be used in interpreting their data due to the possibility
of covert forward association rehearsal during the recognition task.
!;::lson, Ro\Oe, F.r;Gel, Wheeler, and Garland (1970) postulated that stimulus

recall is directly related to tho degree of meaningfulness in the stimulus
component.

The results

or

the study indicated that increased meaningfulness

10
in the sti.Jnulus terms reduces stimulus fractionation and increases stimulus

recall•

Horowitz, Norman, and Day (1966) mted, in a review article,

that A-B and B-A associations could be equally strong, but that B-A

associations only appear weaker due to the lack of availability of the
stimulus terms for recall.

Thus, a number of studies have noted the
co~onent

i.Tl?ortance of the stimulus

as it related to availability and

subsequent recall.
In a study relating item meaningfulness and

s-R, R-S acquisition,

Harrigan and :Modrick (1967) corr.pared the Underwood and Schulz (196o)

unidirectional rr.odel of learning with the symmetry mdel or Asch and
Ebenholtz (1962).

It was hypothesized that the unidirectional model

proposes two stages of paired-associate learning: response (R) learning
and association (S-R) learn:i.r.g.

The symmetry :ioodel, however, proposes

two additional stages: stimulus (S) learning and (R-S) or backward
association learning.

It was further hypothesized that S-R and R-S

learning are equivalent.

The learning

or paired-associate

material, it

was hypothesized, would follow one or the other 1r.odel as a function
the n:::.:..."'lingfulness of the i terns to be learned.

or

The data showed that the

syr.:'letry model obtains for high meaningful Il'.&terial whereas, the two
st::~:8

r;:)d.01

of Underwood and Schulz applies to the learning of low mean-

ir1;:-;ftU. paired-associate ite::is.

The results of this exper:i1nent could be·

inte:rpreted as support for the notion that item availability is crucial
to a test for associative

syn:;r~try.

The above research data substantiated the results of an earlier study
by Asch and IJ.ndner (1963).

associative

sy:r;.'~2try,

This study confirmed the principle of

but only under very specified condition of item

11

availability.

If items are differentially available following paired-

associate learning, apparent assymmetry obtains.

However, i f both stimulus

and response itexr..s are made equally available through familiarization, the

fo?T.ation of forward and backward associations function identically.
Fl"om a

different viewpoint, Wollen, Fox and Lowr;y (1970) substantiated

the principle of associative syn'.T.letry but only 1mder ver-y specified
conditions of prior A-B origir.al list lea.ming.

The design included

factorial. cornbiru:i.tions of notin imager-y (high vs. low) and testing direction

(forward and backward).

It was hypothesized, m:>reover, that associative

syn:r;.etry would result when forward learning was either high or low.
Learning perfoI'I!".:a.nce was iri:easured from trial. one

perfect trial..

to a criterion of one

The resruts conf'irmed the hypothesis and further showed

low or ver-y high number of original. list learning trial.a.

Data showed

that for low and high inwgery there was virtually no diff'erence between

forward and back-ward curvef! when forward learning was low or high.

In

ger.eral, then, the principle of a13soeiative symmetry was conf'irmed under
specif led conditicr.s.
'f'vro

stuCies which further con.finr.ad the syrr..":letry model of paired-

asaoci.:o,te le'arni,r2g were Hurc:ock (1956) and Ney and Solso (1972) both of

which used
Murdcck

n~a;ative

(1956)

tronsfer pa.r"digms as meE..sures or associative sym..etry.

r:~asured

the B-A transfer paradigm against a reversed and

repa:t:.,::d par2d:lcrt (B-Ar).
bigrJ.y significant p

< .01.

The difference between the two conditions was

This

signific~t

difference was said to

confi:rm the learning toodel of Asch and E'benholtz.

The study by Ney and

12
Solso (1972) used a different method of comparison.

The B-Ar paradigm

was compared to the standard repaired paradigm A-Br.

It was hypothesized

that if the principle of associative symmetry were operative in pairedassociative learning, then the two repaired paradigms would show equal
negative tra.usfer in relation to a C-D control paradigm.

If associative

SJlll!.:T.etry were not a valid principle of learning, then the B-Ar paradigm

should show less negative transfer than the A-Br paradigm.

The data

confirmed the bypothesis that negative transfer was evident throughout
learning trials with bot.h negative paradigms reaching assymptotic behavior

equal to that of the C-D control.
The

previous~

mentioned research

e.xpe~-ents

have difterentially

proved or disproved the syrrarietry issue depending on the materials used
and the methodology employed.
the vast majority

or

However, as mentioned by Ekstrand (1966)

exper:ilr.ents dealing with bidirectional learning have

certain methodological flaws.

These flaws include such things as failure

to equate st:i.mUlus and response tenr.s, failure

to insure stimulus

availability, and .failure to equate for first list learning.

The following

chapter deals with the methodological problems involved in the study of
bidirectional learning and how various research studies have attenpted to
an.swer the critical probler.w outlined by EV.strand (1966).

r
CHAPTER II
Methodological Problems in B-A Learning

-

Variables affecting B-A learning
If the incidental versus symmetrical learning issue is to be resolved,

the effects of other variables on B-A learning perfonr.ance must first be
deter.r.«ined.
the different

Ekstrand (1966) stated that if A-B strength is not
level~

e~ual

for

of a varid.ble or if A-term availability is not e4ual,

then no definitive conclusion can be drawn concerning the direction and
strength of the associd.tive stage.

Ekstrand further noted that a majority

of previous experiments had methodological problems with regard to stimulus
availability and/or A-B (forward) degree of forward learning or both.
These confounds precluded a clear interpretd.tion of the data, and thus the
case of symmetrical learning remained equivocal.

The effects of meaning-

fulness {M), stimulus-response sinti.larity, and stimulus-term pronunciation
on backward recall must be determined before conclusions can be drawn
concerning associative symmetry as a valid rule of' learning.

In addition to

the above mentioned methodological considerations, attempts must be undertaken to insure response equivalence in order to determine the most
adequate design for the testing of A-B, B-A learning.
Several studies have shown that increasing stimulus meaningfulness
increases the percenta.ce of backward associates recalled (CassE.m & Kausler,
1962; Epstein, 196::!; Leicht & Kausler, 1965).

This finding is consistent

with the incidental learning argurr£nt which would predict an increase in
reported backward associations with increasing meaningfulness.

However,

the majority of previously published articles specifying the effect of
meaningfulness on B-A performance failed to equate for the degree of forward

13

11

14
learning (Ekstrand,

19t6). Increases in the percentage of backward recall

were found to be negatively correld.ted with the trials to criterion on

the originaJ. learning list (Cassem & Kausler,

196~; Epstein, 196~).

The

paired-associd.te pairs with high meaningful stimuli were learned
si~n.i.ficantly

faster tho.n the pd.irs composed of intermedics.te or low

r:eci.r.in3ful stimuli.

Underwood (1964) noted that final degrees of learning

differ when the rates of approach to a criterion are substantially different.
It was postulated that the group reaching criterion first would show a
higher degree of initial learning.
and Kausler (196~), EPstein

Thus, in the experiments of Cassem

(1962), and Leicht and Kausler (1965), the

increase in backward perfonnance might be postulated to be due to
differences in degree of initial learning and not due to meaningfulness
as such.
Jantz and Underwood

(1958) manipulated both the degree of forward

(S-R) learning and stimulus meaningfulness. The §.s were given 4,
trials on an A-B list and then tro.nsferred to a B-A li::st.
conditions were also given

4, 12,

or

24

l~,

or ~4

The control

trials on a comparable paired-

associatc list and then transferred to the B-A list of the experimental
grou1~s.

S-R

In effect, the control groups were being transferred to a new

lear,rri:~'.';

11.st.

\'iith:in each paired-associate list,, meaningfulness

was manipulated for each of the experimental and control cond.i tions.

Four

levds of Trea..•1ingfulness were represented in the eight stimuli used: 01',
33~,

67%, and

100'.b (Glaze,

1928). These nonsense syllables were paired

with eight adjectives with four different pairings being used in order
to eliminate possible confounds due to pairing difficulty.

The results

shcrwed a sign2.ficant effect due to both degree of initial learning and

L
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stin:.:Uus mcanir:gfulness.

(1966) observed a confound

However, Ekstrand

which existed in degree of A-B learning.

During the learning of the

initial paired-associate lists, the high meaningful stimulus pairs were
presw..a.bly learned faster than the low or intermediate stimulus pairs.
Thus, any dirferences in B-A learni.ng may have been due to differences in
i~tial

A-B learning.

In terms of A-B presentations, the Jantz and Underwood (1958) study

was also confounded according to stimulus availability.

Because the Ss

were not taken to a specified criterion of one perfect trial, dubious
conclusions can be drawn as to the availability of the stimulus term for
recall after e<tch of the forward learning conditions
trials).

(4,

12, or

24

A-B

The differences in R-S recall for the three experimental conditions

might have been due to diiferential stimu111s availability and
degree of associative learning.
for the Leicht and Kausler

!".Ot

the

A similar criticism could also be given

(1965) study. As noted by Ekstrand (1966),

other studies have similarly shown methodological confounds due to degree
of A-B learning (Hu."1.t,
RichardDon,
Sti~';1<0:::~s

1959;

!·brikawa,

1959; Newman

& Gray, 1:165;

1960).

Aimil ability

Clearly one rnethod:>loi;ical problem that must be clarified, t.."1en, i:s
the problem of st1-mulus availability.

In an attempt to increase fu."'lctional

stimu1'.1s recall, Leicht and Kausler (1965) used a recognition task.
was found that due to sti.rmD..us fractionation
sti~1~JJ.us

rc~ults
show~~d

~s

It

IT'..ay select a fu."'lctional

other than the nominal ?5tiJm.il.us as selected by the E.

The

of the Leicht and Kausler stiJdy, which controlled for guessing,
that a recocni tion task could substantially increase nominal stimulus

r
i
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recall.

one of the conditions suitable for functional stimulus selection is
iow meaningfulness or low pronou.'1ceability.

Newman and Gray (1964) found

that §_s reported m::>st frequently responding to a part of the stimulus term
under conditions of low pronounceability (a CCC nonsense syllable);
whereas, under conditions of easy pronou.'1ceabili ty, §_s reported most
frequently responding to the entire stimuJ.us term.

From

a methodological

standpoint, the most important finding of the Newman and Gray study was
that

u.~der

conditions of hard pronounceability, fractionation tended to

occur only in the stimulus term and not in the response term.

This

finding may indicate that the task demands of paired-associate learning
encourage the subject to articulate and learn the entire response term.
The same does not see:;n to be the case for the led.rnir..g of the stimu.lus.

The discrepancy between S-R and

R-~

recall in past studies may be

interpreted to be the resuJ. t of differential stimulus encoding and not a
difference in the associative stage.

Other

studie~

have found that under

specified conditions conducive to low nominal stimulus learning, fewer
stimuli are recalled than responses (Battig, Brown, & Nelson, 1963;
Morilr..awa, 1959; Ne-vmian, Cu.nningham, & Gray, 1965).

Previous studies have

Jndic'1ted, then, that hit;h st:L11Tlllus availability must be a prerequisite to

the stu::iy of associative syrnnetr; (Guirin+..ano, 1972).
Using nonword

eve

nonsense syJlables as stimuli, Schild and Battig

(1966) found un.ldirectional learniP~ performance was significantly superior

to the bidirectional

learnin~

conditions for total errors on all trials.

However, as previously noted, stimulus fractionation occurs when the
mcaninefulness of the stimuli is low.

It is possible that the apparent
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superiority of the unidirectional leo.rning versus the bidirectional learning
was a

fu.~ction

of stimulus fractionation.

In the bidirectional learning

condition the e_s were forced by the task demands to learn the entire
stL>nulus and response term; whereas, the unidirectional group might have

fractionated the stimulus term and used a portion of the

eve

as the

functional cue for the response.
Recogn:!.zing the possibility of the idiosyncratic availability of the

eve

pairs, Schild and Battig conducted a second experiment in which word

versus nonword pairs were compared in relation to their differential effects
on uni- versus bidirectional learning.

Bidirectional learning inferiority

for the word list was eliminated and this finding was interpreted as 'teing
the Asch and Ebenholtz (1962) hypothesie of associative

consistent

~Tith

syrf1!1".etry.

The differences between A-B and B-A associations might then

have been a consequence of availability differences for the
Howe~.rer,

A and B items.

the results of the Schild and Battig study' gave, at best, tentative

support to the associative sym:netry hypothesis.
easily learned that

57.8~

The word lists were so

of the pairs were given correctly on the first

trial before the directionality differences were introduced and

Jc

~s

perfon"!ed errorlessly on or before t.1.e second trial.

14

of the

In light of

the previous expsrilnrnt it was concluded the principle of associative
s;r::-~"-;try

was

confil"!;~~d

and that the word versus the nonword cond:i tions

did n?t present an adequate test of the associative symmetry hypothesis.

Horowitz, Non"':in, and Day (1966) emphasized that A-Band B-A
associati0:is may be equal, but that the U."1.a.Vailability of the nominal
stimulus term for recall artificially produces lower R-S learning perf or~~nce t.~an S-R performance.

Recognizing the fact that lack of stimulus
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availability may have accounted for previous failures to obtain symmetrical
iearn:ing, Wollen (1968) used highly available stimulus-response materials

In addition,

in an effort to test the principle of associative symmetry.

wollen also recognized that a slow rate of recall could result in the covert
rehearsal of the forward association.

.

Therefore, the highly available PA

pairs (odd-even number combinations) were presented at fast rates in both
acquisition and recall.
stirmlli alone for

~

Experiment I used a visual presentation of the

sec. and the stimulus-response pair for

no intertrial interval.

~

sec.

with

The recall presentation, both forward and backward,

proceeded at the same rate as above and continued for two trials with no
intertrial interval.

The results showed that significantly more S-R

associations were recalled than the corresponding R-S associations.

In

experiment II an auditory presentation of the stimuli-response pairs with
a 1 sec. recall rate yielded similar S-R recall superiority.

When two

additional trials at a 2 sec. rate were given to the _§s the S-R superiority
was reduced.
associative

Wollen interpreted the data as contrary to the principle of
sym.~etry

and suggested that the slow rates of presentation in

previous experiments were responsible for the apparent confirmation of
associative symmetry.
In an earlier stud)- Wollen and Gallup (1965) found indirect evidence
for~

a type of intratrial repetition to which _§s covertly rehearse each pair

several times before proceeding on to the next pair.

This rehearsal talces

the form of a serial lea.rnjng list in which the stimulus both precedes and
follows the response term (e.g., S-R-S-R-S-R).

In an effort to empirically

test for the presence of the intratrial rehearsal (ITR), Wollen and Gallup
(1968) presented a study in which the ITR was "built in" to the experiment
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by having the _§s overtly rehearse each pair three times before advancing

to the next pair.

The stimuli and responses were highly available AA nouns

taken from the Thorndike-Lorge count.

The problem of differential stimulus

availability had to be accounted for if the effect of presentation rate was
to

be

empirically tested.

A

rapid presentation rate was used (H sec.)

with 2 sec. rate being used for the test recall trials.

In order to equate

the groups for the number of item presentations, the _§s in the nonrepetition
condition (NR) also received each pair three times per trial but with at
least one intervening pair between the repetitions.

The data showed more

R-S recall for the ITR condition than for NR condition despite the fact that
all Ss learned to the same initial S-R criterion.

The results indicated

that stirrru.lus availability was not a sufficient condition for the
demonstration of associative symmetry.
taken in the interpretation of the data.

However, some reservation must be
The data showed evidence of

faster learning in the ITR condition versus the NR condition on a trials to
criterion measure of initial list learning.

Underwood (1964) stated that

the group reaching criterion first may have a higher level of S-R learning.
Although evidence from two control groups indicated that the differences
in initial

S-R learning was minimal, caution ITRlSt be taken in interpreting

ttc ITEl as the b:i.sis of associative syn:.'iletry findings.

Secondly, due to

tbr:; n.1ture of the task, this experiment may be primarily measuring the

effect of massed versus distributed practice on R-S recall and only second-

i
;I

arily deter111inine the lea.rni.ng strategies of _§s in bidirectional learning

Other studies have attempted to increase st:L"ll'..'llus :ivailability by using

critG!'ion othr:r than frequency or me'lni'."lCf'J.lness.

Wollen, Fox, and Lawry
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(l970) used stimuli and responses which were either high (6.49) or low (3.10)
in im.'l.gery (Paivio, Yuille, & Madigan,

1968). Their data showed no effect

for the i:rn:::i.gery variable on forward or backward learning when forward
iear:iiag was low (20% complete) or high (98%).

The use of highly available

nouns may have overshadowed the effect of iinagery on stirmllus or response
recall.

Differences between forward and backward recall were found,

however, at the intermediate points of original list learning.

The results

of the experiment were discussed in light of previous failures by other
e;(J)erimentors to obtain associative symmetry.
highly available
to

recr~ce

nou.~s

Ney and Solso (1972) used

(above 6.50 in imagery and concreteness) in an effort

stimulus fractionation.

Using a backward re-paired paradigm

(B-Ar) as a measure of backward learning, Ney and Solso found evidence for
associative s;rrnrrietry across trials.
st~dy

A more detailed discussion of this

will follow.

From the data of previous experiments, no definitive conclusions can yet
be dra1m as to the validity of the associative symmetry principle.

Previous

I,,

I

evidence does indicate, however, the necessity of equating for stimulus
availability before the dynamics of the bidirectional learning problem can
be specified.

Yet to be discussed is the importance of the difficulty of

A-B versus B-A pairing and the importance of insuring stinru.lus and response
eqn:.vaJ.ence.

B-A associati·:m equivalence
Ekstrand (1966) has argued that another i;nportant variable that must
be controlled when test:L"1g for associative symmetry is the difficulty of
associative pairing for each direction of learning.

Dle to the nature of

the paired-associ3.te task, a situation could arise where the A-B associative

,i
il1l1
I
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pairi~g

is intrinsically more difficult than the B-A pairing.

Upon

subsequent transfer to the backward le.aming task the experimenter might
find B-A performance could surpass that of the A-B performance.

Gallup

and Wollen (1968) presented data which was interpreted to be contrary to
the principle of associative symmetry.

Stirrnllus-response availability was

equated by usin.g nuinber stimuli and AA adjective responses.

The results

showed th;:i.t S-R recall was greater than R-S recall when the materials
recalled were single digit numbers.

The reverse was true when the

adjectives were the items to be recalled.

It could be argued that the

findi,."'1.g of the above experiment was due to an intrinsic difficulty in the
adjective-number pairing.

Since differential availability of the stinnllus

and response terms does not seem to be a relevant factor in this
experiment, R-S performance superiority might be explained in terms of the
initial ease of pairing in the number-adjective direction.
Richardson (1960) suggested that B-A performance on a test of associate
sym:,etry ought to be compared to a control group that learned B-A in a
forward direction.

Although Gallup and Wollen (1968) used such a control,

the data showed that the number of trials to criterion for the numberadjective pairing was consistently fewer than the trials to criterion for
the adjective-nu:nber pairing.
intrinsic
Equat~:~JI

diffio~lty

Again the data gave evidence of an

in the adjective-number direction.

sti.rmtlus and response availabilitv

Although stimulus availability has been discussed as one of the most
important variables to be controlled in the testing of the symmetrical
le.:trnine problem, failure to attead to response learning as a relevant

variable could result in an inn.dequ'lte test of B-A performance.

Asch and
'
I

I,
1
1

:,1 1

l,,il
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Linder (1963) hci.ve shown how a failure to equate for response learning

could result in unexpected B-A performance.
as stimuli and low meaningful

eve

Using single digit numbers

trigrams as responses, B-A performance

was found to be superior to A-B perforrnance if the .§ did not have the chance
to complete the response learning of the trigrams.
In an analogous manner, Ney and Solso

(1972) used high imagery-high

concrete nzy..lJls as stinru.li and low meaningful

an original learning list.

eve

trigrams as responses on

The Ss were then transferred to an A-Br or

B-Ar re-paired transfer list.

Although the results showed identical

performance for the transfer conditions as would be predicted by the
principle of associative symmetry, the data presented equivocal evidence
at best.

It could be argued that because of the nature of the response

terms, the B-Ar paradigm had actually engendered less interference than
the A-Br paradigm.

Equating for response availability might have resulted

in a significant difference between the A-Br and B-Ar paradigm with the

B-Ar paradigm yielding more interference than the S-Br paradigm.

Such a

finding would argue against the principle of associative symmetry.
In terms of learning and encoding of an experimentally induced

association, it is important, then, to define the parameters of the
associative s::r:n:1ctry principle.
associations might

~e

The formation of forward and backward

a phenomenon of incidental learning only if the

variables affecting le.qrn.i.ng perf orma.nce are inadequately accounted for
and controlled.

thercf ore an
symmetry

The control of stL'TI'.llus and response equivalence is

importa...~t

learnin~

step in determining the validity of the associative

principle.

Asch and F:bcnholtz (1962) used a prefamiliarization teclmique in an

.·
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attempt to equate for the availability of the response term.

This technique

involved the givine of the stimulus and response terms to the S in a free
1earning situation.
terms as

indivicr~al

Presumably, the .§. learned the stimulus and response
units with any subsequent differences between A-B and

B-A performance being

cr~e

only to the effect of the associative stage.

several experimenters have pointed to the inadequacy of this technique by
citing evidence which indicates that prefamiliarization could lead to
abnormal effects of inhibition or facilitation (Simon & Wood, 1964;
Underwood & Schulz, 1960).
Horowitz and Larsen (1963) stated that the prefarniliarization technique
could engender interitem connections which could produce interference on
the subsequent PA learning task.

This interference would be analogous to

the interference eneendered by the A-B, A-Br negative transfer paradigm.
In addition, it should be further noted that the equating of the

availability of stimulus and response members would produce interference
due to the existence of serial associations, gra.;-nma.r rules, and word-

association hierarchies (Horowitz, Norman, & ray, 1966).
ization

techniq~e

The prefamiliar-

is at best an inadequate method of insuring maxi.nn.un

stinm.lus and response availability.

Other

e~)erir::2nters

h:i.ve

attc~pted

to equate stimulus and :response

availability through the use of high meaningful trigrams and single-digits
(Richardson, 196o).

In this instance it was assumed that the numerals

were pre-experimentally highly available to the .§_.

The trigrams were

actually three lett•3r words thus insuring their availability.

The results

j1

I
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of the experiment lended support to the principle of associative symmetry.
Another method of equating stimulus and response availability is
through the use of colors and single-digit

nu.~bers

for the sti."TD.llus and

respo::1se terms respectively (Guirintano, 1972; Houston, 1964).
of these

previ~~s

In both

experiments it had been assu."!led that color could function

as an adequate f'Wlctional sti."TD.llus (Underwood, Ham, & Ekstrand, 1962) and
could therefore serve as a highly available stimulus item.

Again it was

assumed that the nwnbers would be preexperimentally highly available to
the .§·

Houston (1964) reported finding no difference between forward and

backward associations while Guirintano (1972) using a shorter intertrial
interval ( 2 : 2 sec.) found signi.ficantly more forward than backward
associations.

The results of these two experiments lended support to the

conclusion that sti.'l'll.llus-response availability is not a sufficient
condition for the demonstration of the principle of associative symmetry.

A methodological consideration for both of these experiments should be
taken into account, however.

Solso (1971) has demonstrated

th~t

colors

differ along a continuum of meaningfulness and have a differential number
of preexperimental associates.

D.te to the variability of meaningfulness

i.."'1 the color (stimulus) cor.1ponent, an

interr~retation

of the results

of the Houston (1964) experirr:cnt, should be tempered with the lmowledge
that meaningfulness was not held constant in the color component.

The

Giurintano (1972) study counterbalanced the A-B (color-number) condition
and found no effect

~le

to list conditions.

Still another m:Jthod of equating for sti..'lllllus and response availability
has been to use the s"tl.mulus component as a response component within the
same list.

This type of list structure involved the learning of the pairs

j!

i)

'I

i
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A-B and

c-A

within the same list.

The double-function list insures that

the .§ will learn the list components as both stimulus and response members
(Horowitz, Brown, & Weissbluth, 1964; Umemoto & Hilgard, 1961; Young

& Je."1Ilings, 1964). However serious methodological problems have arisen
with the use of double-function lists (Ekstrand, 1966).
performance has been found to be poorer

t~1.Il

Typically, B-A

A-B performance (e.g., Battig

& Koppenaal, 1965). It has been suggested that forward associations
appear to be stronger in the learning of double-function lists (each
unit serves once as a stimulus and once as a response, in two different
pairs) due to the competition between the two intrlist associations.
Several experiments have also attempted to equate stimulus and
response components by having the.§ learn bidirectionally (i.e., the.§
learns A-B and B-A alternately throughout the list) (Schild & Battig,

1966; Underwood & Keppel, 1963; Voss, 1965). The differences that have
been found between forward and backward learning could have been attributed
to the task demands of bidirectional learning.

Bidirectional learning

has been found to be inferior to unidirectional learning possible
because the S has been 11 forced 11 to learn the stimulus and response
components in the dual role of both stimulus and response.

The review of past literature, has shown the importance of defining
the methodological problems involved in the testing of the principle of
associative symmetry.

It is evident form previous data that symmetrical

leanLtng obtains only under very specified conditions of methodological
control.

Insuring stinulus avajJ.ability, equating both stimulus and

response availability, and eliminating any effect due to difficulty of
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pairing direction are at least some of the variables and conditions that
must be considered i f incidental learning is to be separated from the
associative learning phenomenon.
The wider implications of bidirectional learning for a general theory
of learning and a proposed design for the testing of bidirectional learning

should be discussed i f definite conclusions can be made concerning the
principle of associative

sym.~etry.

CHAPTER III
Transfer and Bidirectionality
The transfer implications of the bidirectional learning problem must
be considered i f incidental learning is to be separated from symmetrical
learning.

Further, the nature of the associative stage in paired-associate

learning can perhaps be best delineated and defined by the use of transfer
paradigns.

Several investigators have specified the transfer effects of various
paired-associate paradigms (Gagne, Foster, & Crowley, 1948; Mandler &
Heineman, 1956; Murdock, 1957; Porter & Duncan, 1953; Postman, 1966;
Twedt & Undenrood, 1959).

For the purposes of studying bidirectional

learpJ.ng, the use of the negative transfer paradigms has yielded results
relevant to the study of associative syrmnetl"Y'•

Previous experiments have

shown that the A-B, A-Er paradigm typical:cy produces negative associative
transfer effects.

Porter and Duncan (1953) reported negative transfer

results 'When the materials used were two-syllable adjectives.

The negative

transfer was hypothesized to result from interference from both the fonrard
and backward

directior~

(Ekstrand, 1966).

According to a general theory

of bidirectional learning, it has been hypothesized that during the learning
of or:i.ginal list itew.s a
association..z.

~has

developed oot.h forward and back-ward

when transferring to the re-paired (A-Br) list, interference

is generated from the combined effects of forward and backward associations.
If, for exa!'1ple,

~has

learned the association of Ai-Bi on the original

list learn:i.ng and is then transferred to a list containing the pair A1 -n3 ,
interference arises from the latent A1-B1 association and the latent B3-A3
association.

Ekstrand (1966) statf,d that toth associations confonn to an
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A-C paradigm.

I.f symmetrical learning is 100re than an incidental learning

phenomenon, then the negative transfer effects of the A-Br paradigm must

I

'
I

II
II

be greater than that of the

C-B or A-C paradigms.

Several. experimenters

have reported data suggesting that the negative effects do arise from

both

forward and backward associations (Jung, 1962; McGovern, 1964; Twedt &
Underwood, 1959).
Murdock (1956, 1958) reported data from tw9 experiments which
supported a syi:n;netrical view of bidirectional learning.

In the 1956

study, Murdock compared an A-B, A-Br paradigm with an A-B, B-Ar paradigm
with control learning of new items.

The re-paired paradigms both showed

negative transfer in relation to original list {A-B) learning, but did not
differ in their relative amounts of negative transfer.

Murdock (1958)

compared two transfer paradigms (A-B, B-C; A-B, C-·A) which "W-ore hypothesized

to yield negative transfer effects on the basis of backward associations.
Pioth transfer conditions showed negative effects in relation to a C-D

I

control paradigm.

Murdock also coq;iared the B-C and C-A paradigms with

an A-C paradigm which yields negative transfer from the original list
forward associations.

I.f bidirectional learning is a form of incidental

learning then the A-C paradigm should have shown JOOre negative transfer
than cit.her tl:e B-C or C-A conditions.

The incidental learning argument

predicts that because the ob.:Jerved backward association was formed

II

incidentally to the forward association, the R-S association should be
weaker.

The interference engendered by the backward learning on the

subsequent

trar~f er

forward learniri..g.

should also be less than the interference from the
All three of the paradigms reported by Murdock (1958)

prcdt;ced equal ner.;ative transfer.

This result indicated that the forward

II
'Iii

II
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and backward associ&.tions formed during the initial learning were equal,
thus supporting a

t

I
'
I
I
I

symrr~trical

learning argument.

Other investigators have also found equal transfer effects using
paradigms in which the negative transfer results from forward and backward
associative interference (Harcum, 1953; Johnston, 1968; Ney & Solso, 1972).
Johr.3ton (1967) used 4-stage transfer paradigms as a measure of associative
syr:::,;:Gtry.

The results of the experiment indicated that R-S associations

are formed during

s-R

learning and high stimulus availability is only

necessary for R-S recall but not for the formation of the R-S association.

R-S associations were exposed when the stimulus tenns were made available
after the temination of S-R learning.

Johnston (1967), however, failed

to find bidirectional interference in the C-A paradigm.

In a subsequent

experi1nent Johnston (1968) explained this result by stating that A-B and

B-A associations appear interdependent only if the conflicting associations
in the transfer list are directionally the same.

Clearly in the C-A

paradigm the associative conflict arises between the forward C-A
association and the backward B-A association.

According to this inter-

pretation both the A-C and C-B paradigms should yield results supporting
the principle of associative symmetry.

This inference, however, carm.ot

of the Hurdock (19S6) experi.JT:ent which used the A-Br
and B-Ar paradig:ms.

I

I

Ii

The preser:t study was an attempt to use the concept of associative
interference in negative transfer paradigms as a method of proving

principle of associative syr:x.etry.

the

It was hypothesized that the negative

tram;fcr paradigrr.s (A-Br and B-Ar) would prove to be the ioost effective
means of isolatine the associative stage of learning.

The use of re-paired
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I
II
II

paradi.cm also elimir.ated the potential problem of forward rehearsal during

the R-S transfer task.
The present study also employed a 2:2 anticipation rate in order to
el.ird.nate the probler.i of giving the

~too

much time for the study of the

response component in the R-S learning task.

It was hypothesized

that given too nuch time to study the R component in the transfer task,
the

s would recall all or the forward associations in an attempt to find

the correct R-S pairing.

The use of the short inter-item till'.e and re-paired

paradigm eliminates at least one important methodological confound in
previous bidirectional learning experiments.
The present study also used high concrete and high imagery stim.Ulus
and response itc:ms.

The use or these types of pal.red-associate components

eliminated the problem of differential item availability and insured
stinulus availability.

i

As a review of previous literature indicated, the problem of unequal
difficulty in direction of pairing was typically encountered when the

II

stimt:lus and response items were of differential meaningfulness or from

I

different semantic classes (e.g., adjectives and numbers).

j

the use of hieh ir:acery and high concrete nouns in a random pairing

I
I

e]j_r: r«at~n; the

I

I
I

l

probl~'"lt

of pairinr:, direction difficulty.

Therefore,

The effect of

individual idiosyncratic pairing difficulty was hypothesized to be
elird r~n.ted by the randorrizing of this effect across subjects.
Specif ic2..1.ly it was hypothesized that if bidirectional learning is
operat.ive in paired-associate learnlng tasks, then the A-Br and B-Ar

l

I

paracicms would show equal negative transfer effects in relation to a
C-D control condition.

The incidental learning areu:mont would predict that
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the B-Ar paradigm would show less neeative transfer than the A-Br paradigm
because the B-A association was formed incidentally to the intentionally
iearned A-B forward association.

CHAPTER IV
Method
~bjects

The £s were introductory psychology students whose participation
pe1rtially fulfilled a course requirement.

For.each of the three paradigm

conditions (A-B, A-Br; A-B, B-Ar; A-B, C-D),
to each group.

15 §:S

were randomly assigned

A total of 64 !iS participated in the experiment with four

ss being eliminated for failure to follow instructions.
Materials
The stimulus and response components of the A-B, A-Br; A-B, B-Ar,

A-B, C-D paired-associate lists were 36 nouns chosen from the Paivio,
Yuille, and Madigan (1968) noms.

All of the nouns were rated high in

both imagery and concreteness (above 6.50).

The words were randomly

divided into individual lists of nine stimulus and response pairs, and
obvious associates were eliminated.

First letter associates between the

stimulus and response components were also eliminated.
similarity was minimum.

Intra-item

The re-pairing of the A-B list into the A-Br

and B-Ar transfer list was random with obvious paired-associates being
elilrinated.

The repairing of the list components for both of the repaired

co;'";ditions was ident.i.cal in order to equate for possible idiosyncratic
ease of pairing for particular associates.

Any pairs showing obvious
i'

direction-of-pairing difficulty were eli.Jrinated.
In order to insure that the A-B and C-D lists were equated not only
for

i~~gery

and concreteness but also for equality of pairing, the presentation

of the A-B and C-D lists was count.erba.lanced.
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Four randomized orders of the original and transfer lists were
constructed in order to discourage serial position effects.

The design was a single level design with the variable being effect

or transfer paradig.n (A-Br, B-Ar, C-D) with a trials criterion measure
as the independent variable.
Prc. cE.::!ure
The

pairs for all of the lists were presented on a Stowe menory drum

using a standard anticipation method.
and intertrial time was
A-B

The intratrial time was 2:2 seconds

4 seconds. The

§_s were required to learn the

lists to a criterion of two perfect trials and the subsequent transfer

list to a cri teri.on of one perfect trial.

During initial acquisition each

.§.was instructed to articulate both the stLirul.us and response t3rms.
Guessing was encouraged.

The remainder of the instruction followed

stand.a.rd paired-associate procedure.
For one-half of the Ss in the control condition the A-B list was
presented first fellowed by the transfer to the C-D list.
half of the §.s the C-D list preceded the A-B list.

For the other

This procedure was

en:ploycd in order to insure list comparability in the C-D control

Followi~g

list.

first list acquisition

~s

were asked to learn a transfer

Second list responses had to be correctly paired with their

stir.nili in order to be considered correct.

of one perfect

t1~al

(A-Br, B-Ar, C-D).

The trials to a criterion

were r£asured for each of the

CHAPTER V
Results and Discussion

t

It had been hypothesized that bidirectional learning could be
demonstrated to be an instance of symmetrical learning with the use of a
re-paired trdnsfer paradigm (B-Ar).

It had been further hypothesized

that when compared to the standard control paradigm (C-D), the B-Ar
paradigm would show negative transfer equal to that exhibited by the A-Br
p~radigm.

Both of the re-paired

paradig~~

were hypothesized to show

significant negative transfer when compared to the C-D control condition.
The list presentation for the control condition was counterbalanced.
The analysis of variance on the effect of list structure for the A-B and
C-D lists is presented in Table 1.

An

analysis of variance indicated

that the trials by condition interaction was nonsignificant.

The C-D

I

I

I
I

list was therefore judged to be an appropriate contTol condition for the
re-paired paradigms.
For the purpose of further analysis the data from the counterbalanced
A-B, C-D condition was "collapsed." whichever list was presented first,
regardless of list structure, was considered to be the A-B list.

The

original list learning of the three transfer conditions was then compared
in order to insure first list learri.ing cmr.parability.

The trials to

criterion for the A-B list learning are presented in Table 2.
Observation of the data revealed no differential rates of learning
on the A-B list; therefore, any differences in trials to criterion on the
transfer could not 'Ce ascribed to differences in the amount learned during
initial acquisition.
The results of a planned comparison analysis of the three tr-d.IlSfer
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Table 1
Analysis of Variance
Counterbalanced Presentation of the A-B and C-D List Orders
Two Factor Nixed Design: Repeated Measure on One Factor

Source

MS

d.f

i260.37

39

347.87

19

30.62

1

30.62

317.25

18

17.63

1229.75

20

61.49

Trials

600.62

1

600.62

18.29

Tx C

38.03

1

38.03

1.16

591.10

18

32.84

Total
Between subjects
Condition
Errorb
Within Subjects

Errorw

.

p

F

SS

1.74

N.S.

p

< .001

N.S.
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Table 2
Trials to Criterion on A-B List Learning
for Each of the Transfer Conditions

Transfer Condition

Trial to Criterion

A-B, C-D

13.75

A-B, A-Br

lJ.70

A-B, B-Ar

14.15

l
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conditions are sttrrll':'.a.rized in Tables 3 and
The data confinned the hypothesis

4.

of significant negative transfer

for both of the re-paired paradigms in relation to a standard control
paradigm, F (1,
con1itions
measU.re,

57)

sr~wed

=

4.42, I! < .05. Further,

both of the re-paired

equal transfer effects on a trials to criterion

F (1, 57) = 0.30, £

=

N.s ••

The present study attempted to eliminate the methodological problems
which have precluded a clear interpretation of previous experiments.

The

choice of stimulus and response terms were calculated to eliminate
differential item availability.

There was no indication of idiosyncratic

difficulty in direction of pairing; thus the effects of the re-paired
transfer paradigms could not be explained b-J ease of pairing in either
the forward or backward direction.

The data also clearly showed that stimulus availability was accounted
for by the use of high imagery and high concrete nouns.

Thus any in-

dication of symmetrical learning could I".ot be attributed to the effect of
item availability.
The pres0nt

experi.m~nt

indicated that an incidental

for tho bidirect:Lonal learning
of t!:.e dJ.ta ob:.a:\.ncd.

issu~

learn.i~g

argument

could not be accepted on the basis

If the R-S association was learmd incidentally

and was weaker than the intentionally-learned forward association, then the
B-Ar condition should have eneendered less negative associative transfer.
However, the A-Br and B-Ar conditions yielded equal associative transfer
in rElation to the C-D control paradigm.

The principle of associative

SJ'1'1rletry would preiict, the a.b.)ve :resuJ.t by poztulating that the forward

and backward associa:,ions on the original list were learned with equal
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Table 3
Analysis of Variance for the Three Transfer Conditions

(C-D, A-Br, B-Ar)

Source

SS

Treatment

47.43

2

23. 72

572.75

57

10.05

620.18

59

Error

Total

MS

F

p

2.36

N.S.

l
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Table
Plan.~ed

4

Comparison of the Three Transfer Conditions

(C-D,

Source
A-Br vs. B-Ar
C-D vs. (A-Br, B-Ar)

SS

A-Br, B-Ar)

df

MS

F

p

3.03

l

3.03

0.30

N.S.

44.41

l

44.41

4.42

p

< .05

r
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The data, therefore, supported the principle of associative

streneth.
sym"'"~try

and indicated that the incidental learning argument was not a

valid explanation in the present study.
Further, the data also indicated that associative symrietry is not
011..y obtained in those transfer paradigms where the direction of inter-

ference was either forward or backward or both.

Clearly, the re-paired

paradigm (B-Ar) yielded symrr,.etrical learning results although the locus

of interference was from both forward and backward associations.

A problem arises when attempts are made at generalizing the results
of this type of experiment to a larger theory of learning.

The principle

of associative symr.etry appears to be operative in only tightly controlled
laboratory situations.

Rarely in none.xperimental settings will the

expeti."'lenter .find equal item availability, constant rieaninefulness, and
ease of direction pairing.

However, given the controls specified

previously in this study, associative synunetry should obtain.
instances where

t.~e

In those

proper controls are employed, it can be proven

that bidirectio:ial learning is more than an instance of incidental learning.
The present data supports the interpretation that bidirectional
learning is sy-r;;;netrical and that the forward and backward associations are
ft::-:.:::tir,:;;:i.11y idanticnl.

of associative
crepa~1cy

present

s~~:·:m-etry

Further research rr.ay delineate the precise effect
on other transfer paradigms and resolve the dis-

between Johnston's (1968) inference and the data obtained in the
experL~ent.

ac.sociati ve

syTr":r:t:~tcy

Johnston (1968) had inferred that data supporting
might only be obtained with those transfer paradigms

in whtch the associutivo interference was unidirectional.

However, the

prc3ent experim3nt yielded results contrary to this argument.

l

Further

r

41
research should be directed toward clearly specifying the role of uniand bidirectional interference in the

paired-associ~te

paradigms.

l
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